Aminolyses of esters have been reported to proceed through a concerted mechanism or through a stepwise pathway with one or two intermediates (i.e., a zwitterionic tetrahedral intermediate T ± and its deprotonated form T -) depending on the nature of the electrophilic centers (e.g., C=O, C=S, P=O and P=S).
1-12 Reactions of carboxylic esters (C=O) with amines have generally been reported to proceed through a stepwise mechanism. The rate-determining step (RDS) has been suggested to be dependent on the basicity of the incoming amine and the leaving group, i.e., it changes from breakdown of T ± to it formation as the incoming amine becomes more basic than the leaving group by 4 to 5 pK a units on the basis of a curved Brønsted-type plot found for aminolysis of esters possessing a good leaving group such as 2,4-or 3,4-dinitrophenoxide.
1-10 In contrast, aminolysis of thiono esters (C=S) has been shown to proceed through two intermediates (i.e., T ± and T -), 11 while the corresponding reactions of phosphorus esters (P=O and P=S) proceed through a concerted mechanism.
12
It is well known that nucleofugality of a given family of leaving groups increases as the leaving-group basicity decreases. However, Gresser and Jencks have found that 2,4-dinitrophenyl acetate (1a) is less reactive than 3,4-dinitrophenyl acetate (1b) although 2,4-dinitrophenoxide in 1a is less basic than 3,4-dinitrophenoxide in 1b by 1.3 pK a units.
9a
A similar result has been reported for quinuclidinolysis of 2,4-dinitrophenyl phenyl carbonate (2a) and 3,4-dinitrophenyl phenyl carbonate (2b).
9b Steric hindrance exerted by 2-NO 2 group in 1a and 2a has been suggested to be responsible for the unexpected reactivity order.
9
We have recently shown that 2,4-dinitrophenyl benzoate (3a), 2-furoate (4a) and 2-thiophenecarboxylate (5a) are more reactive than 3,4-dinitrophenyl benzoate (3b), 2-furoate (4b) and 2-thiophenecarboxylate (5b), respectively, toward weakly basic amines (e.g., pK a < 10) but less reactive toward strongly basic amines (e.g., piperidine and 3-methylpiperidine).
10 Dissection of the second-order rate constant (k N ) into the microscopic rate constants k 1 and k 2 /k -1 ratio has revealed that substrates possessing less basic 2,4-dinitrophenoxide (e.g., 3a, 4a and 5a) exhibit smaller k 1 values but larger k 2 /k -1 ratios than those bearing more basic 3,4-dinitrophenoxide (e.g., 3b, 4b and 5b).
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We have extended our study to reactions of 2,4-dinitrophenyl and 3,4-dinitrophenyl diphenylphosphinothioates (e.g., 6a and 6b, respectively) with 7 different alicyclic secondary amines (Scheme 1) to investigate the effect of 2-NO 2 group on reactivity. We wish to report that the high nucleofugality of 2,4-dinitrophenoxide outweighs the steric hindrance that might be exerted by 2-NO 2 group in the aminolysis of 6a and 6b.
Results and Discussion
The kinetic study was performed under pseudo-first-order conditions in which the amine concentration was kept in excess over the substrate concentration. The reactions obeyed first-order kinetics and pseudo-first-order rate constants (k obsd ) were calculated from the equation, ln (A ∞ -A t ) = -k obsd t + C. As shown in Figure 1 , plots of k obsd vs. amine concentrations are linear and pass through the origin, indicating that general base catalysis by a second amine molecule is absent and contribution of H 2 O and/or OH -from hydrolysis of amines to k obsd is negligible. Thus, the secondorder rate constants (k N ) were calculated from the slope of the linear plots. Based on replicate runs, it is estimated that the uncertainty in the k N values is less than ± 3%. The k N Table 1 for the reactions of 6b with 7 different amines together with those reported previously for the corresponding reactions of 6a for comparison.
Effect of 2-Nitro Group on Reactivity. Table 1 shows that 6a is more reactive than 6b regardless of amine basicity. This is consistent with the expectation that 2,4-dinitrophenoxide is a better nucleofuge than 3,4-dinitrophenoxide, but contrasts to the reports that carboxylic esters possessing 2,4-dinitrophenoxide as a leaving group (e.g., 3a, 4a and 5a) are less reactive than those bearing 3,4-dinitrophenoxide (e.g., 3b, 4b and 5b) toward strongly basic amines (e.g., piperidine and 3-methylpiperidine).
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Aminolyses of 3, 4 and 5 have been reported to proceed through a stepwise mechanism with a change in RDS, i.e., from breakdown of T ± for the reactions with weakly basic amines to formation of T ± for those with strongly basic amines (e.g., piperidine or 3-methylpiperidine).
10 One might expect that the high nucleofugality of 2,4-dinitrophenoxide causes an increase in reactivity for reactions in which expulsion of the leaving group occurs at the rate-determining step (RDS) but does not influence the reactivity when the leaving group departs after the RDS. This idea is consistent with the fact that 3a, 4a and 5a are less reactive than 3b, 4b and 5b toward strongly basic amines although they possess a better nucleofuge. Thus, one can suggest that the nature of reaction mechanism is an important factor to govern the reactivity order.
Deduction of Reaction Mechanism. To investigate the reaction mechanism, Brønsted-type plots have been constructed for the reactions of 6a and 6b. As shown in Figure  2 , the plots are linear with β nuc values of 0.52 and 0.43 for the reactions of 6a and 6b, respectively. The magnitude of β nuc values has often been taken as a measure of reaction mechanism, e.g., the β nuc value decreases from 0.9 ± 0.2 to 0.3 ± 0.1 for aminolyses of esters reported previously to proceed through a stepwise mechanism with a change in RDS upon increasing amine basicity.
1-10 On the other hand, a β nuc value of 0.5 ± 0.1 has been reported for reactions which proceed through a concerted mechanism. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 12 In fact, we have concluded that the aminolysis of 6a proceed through a concerted mechanism on the basis of the fact that β nuc = 0.52.
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The β nuc value obtained for the reactions of 6b is a little smaller than that for the corresponding reactions of 6a, but appears to be an upper limit for reactions reported previously Table 1 .
• ○ Notes Bull. Korean Chem. Soc. 2011 , Vol. 32, No. 6 2119 to proceed through a stepwise mechanism with formation of an intermediate being the RDS. Thus, one might suggest that the reactions of 6b proceed through a stepwise mechanism, in which leaving-group departure occurs after the RDS. This idea is consistent with the conclusion, drawn by Cook et al. from analyses of Hammett correlations, solvent effects and activation parameters, that aminolysis of aryl diphenylphosphinates in MeCN proceeds through a stepwise mechanism.
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However, we have reported that the Yukawa-Tsuno plot for the reactions of 8 different Y-substituted phenyl diphenylphosphinothioates including 6b with piperidine results in excellent linear correlation (R 2 = 0.998) with ρ = 1.91 and r = 0.28.
12b Although the Yukawa-Tsuno equation was derived to account for solvolysis of benzylic system, 14,15 we have shown that the equation is highly effective to elucidate ambiguities in reaction mechanism for nucleophilic substitution reactions of esters with various electrophilic centers (e.g., C=O, C=S, SO 2 , P=O and P=S) [16] [17] [18] and Michael-type additions of amines to activated acetylenes.
19 It is well known that the magnitude of the r value in a Yukawa-Tsuno plot represents the resonance demand of the reaction center or the extent of resonance contribution.
14,15 The fact that r = 0.28 for the aminolysis of aryl diphenylphosphinothioates indicates that a partial negative charge develops on the O atom of the leaving aryloxides in the TS. Thus, one can conclude that the aminolysis of 6b proceeds also through a concerted mechanism.
Plausible Reasons for Absence of Steric Hindrance. The fact that 6a is more reactive than 6b regardless of the amine basicity (Figure 2) suggests that the high nucleofugality of 2,4-dinitrophenoxide outweighs the steric hindrance which might be exerted by 2-NO 2 group. As discussed above, expulsion of the leaving group occurs in the TS for the reactions of 6a and 6b. In this case, 2,4-dinitrophenoxide can behave as a better nucleofuge than 3,4-dinitrophenoxide since the former is 1.3 pK a units less basic than the latter. However, the effect of enhanced nucleofugality on reactivity would be negligible for reactions in which expulsion of the leaving group occurs after the RDS. Thus, one can suggest that the nature of reaction mechanism is considered to be the most plausible reason why 6a is more reactive than 6b.
It has generally been understood that the magnitude of βnuc values represents a relative degree of bond formation in the transition state (TS).
1 The β nuc value in the current reactions of 6a and 6b are 0.52 and 0.43, respectively, indicating that bond formation is not much advanced. Since steric hindrance would be insignificant for reactions in which bond formation between the incoming amine and the substrate is little advanced, one can suggest that the small β nuc value found for the reactions of 6a and 6b is also responsible for the fact that the steric effect exerted by 2-NO 2 group is less significant than the high nucleofugality.
The other plausible reason for the absence of steric hindrance in the current reactions would be the nature of the electrophilic center. The electrophilic center of 6a and 6b is tetrahedral in the ground state (GS) but it becomes trigonal bipyramidal in the TS as illustrated by TS P=S , in which the incoming amine and the leaving aryloxide occupy the apical positions of the trigonal bipyramidal.
20 Furthermore, the P=S bond in 6a and 6b is much larger than the C=O bond in carboxylic esters. Thus, the 2-NO 2 group in the leaving group of 6a is too far away from the incoming nucleophile to exert steric hindrance. On the other hand, the small C=O bond in carboxylic esters is sp 2 in the GS but sp 3 in the TS as illustrated by TS C=O . This is why the 2-NO 2 group of the carboxylic esters exerts strong steric hindrance on going from the GS to the TS.
Conclusions
The current study has allowed us to conclude the following: (1) 2,4-Dinitrophenyl diphenylphosphinothioate 6a is more reactive than 3,4-dinitrophenyl diphenylphosphinothioate 6b regardless of the amine basicity, indicating that the high nucleofugality of 2,4-dinitrophenoxide outweighs the steric hindrance that might be exerted by 2-NO 2 group. (2) Aminolysis of 6b proceeds through a concerted mechanism with a small degree of bond formation between the incoming amine and the substrate. (3) The nature of reaction mechanism is the most important factor to govern the reactivity order, since the high nucleofugality of 2,4-dinitrophenoxide would cause an increase in reactivity only for reactions in which expulsion of the leaving group occurs in the RDS. (4) The small β nuc value and the nature of the electrophilic center (i.e., the larger P=S bond with sp 3 hybridization in the GS) are also responsible for the absence of steric hindrance.
Experimental Section
Materials. 3,4-Dinitrophenyl diphenylphosphinothioate 6b was prepared by addition of 3,4-dinitrophenol to the reaction mixture of diphenylphosphinodithioic acid and N,N'-dicyclohexylcarbodiimide in the presence of 4-(dimethylamino)pyridine in methylene chloride as reported previously.
12b The crude product was purified by column chromatography (silica gel, methylene chloride/n-hexane 50/50). The purity was checked by the melting point and 1 H NMR spectrum. Amines and other chemicals were of the highest quality available. Doubly glass distilled water was further boiled and cooled under nitrogen just before use. Due to low solubility of 6b in pure water, aqueous DMSO (80 mol % H 2 O/20 mol % DMSO) was used as the reaction medium.
Kinetics. The kinetic study was performed using a UV-vis spectrophotometer equipped with a constant temperature circulating bath. The reactions were followed by monitoring the appearance of the leaving 3,4-dinitrophenoxide. All the reactions were carried out under pseudo-first-order conditions in which amine concentrations were at least 20 times greater than the substrate concentration. The amine stock solution of ca. 0.2 M was prepared by dissolving 2 equiv of free amine and 1 equiv of standardized HCl solution to make a self-buffered solution in a 25.0 mL volumetric flask.
Products Analysis. 3,4-Dinitrophenoxide was liberated quantitatively and identified as one of the products in the reaction of 6b by comparison of the UV-vis spectra after completion of the reaction with the authentic sample under the same reaction conditions.
